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Abstract 

BACKGROUND Inadequate treatment of hypertension is a widespread problem, especially 

in South Asian countries where cardiovascular disease mortality rates are high. We aimed to 

explore the effect of a multicomponent intervention (MCI) on antihypertensive medication 

intensification among rural South Asians with hypertension.    

METHODS A post-hoc analysis of a two-year cluster-randomized controlled trial including 

2645 hypertensives aged≥ 40 years from 30 rural communities, 10 each, in Bangladesh, 

Pakistan, and Sri Lanka. Independent assessors collected information on participants’ self-

reports and physical inspection of medications. The main outcomes were the changes from 

baseline to 24 months in the following: 1) the therapeutic intensity score (TIS) for all (and 

class specific) antihypertensive medications; 2) the number of antihypertensive medications 

in all trial participants.  

RESULTS  At 24 months, the mean increase in the TIS score of all antihypertensive 

medications was 0.11 in the MCI group and 0.03 in the control group, with a between-group 

difference in the increase of 0.08 (95% CI (0.03, 0.12); P=0.002). In MCI compared to 

controls, a greater increase in the TIS of renin angiotensin-aldosterone system blockers (0.05; 

95% CI (0.02, 0.07); P<0.001) and calcium channel blockers (0.03; 95% CI (0.00, 

0.05);p=0.031) , and in the number of antihypertensive medications (0.11, 95% CI (0.02, 

0.19);P=0.016) was observed.  

CONCLUSIONS In rural communities in Bangladesh, Pakistan, and Sri Lanka, MCI led to a 

greater increase in antihypertensive medication intensification compared to the usual care 

among adults with hypertension.   

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02657746 
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INTRODUCTION 

Hypertension is the leading risk factor for cardiovascular and kidney disease and related 

deaths globally.
1,2

  Despite the established benefit of blood pressure (BP) lowering on 

vascular disease, and the publication of several international guidelines on hypertension 

management, BP control remains sub-optimal, particularly in low- and middle- income 

countries (LMICs), where less than 10% have BP controlled to conventional targets of 

<140/90 mm Hg.
3
   

Several determinants of uncontrolled hypertension have been identified at the patient, 

healthcare provider, and health systems levels.
4
 Of note, therapeutic inertia, or failure of 

healthcare providers to initiate or intensify antihypertensive drugs, i.e. addition of new 

antihypertensive medications or uptitration of existing ones by guidelines, has been shown to 

contribute substantially to uncontrolled hypertension in a variety of settings.
4,5

 

Antihypertensive medication intensification has been shown to improve BP control.
6
 Meta-

analyses of randomised trials showed that the addition of full or half dose of any major class 

of antihypertensive medication (thiazides, β blockers, angiotensin-converting enzyme (ACE) 

inhibitors, angiotensin II receptor antagonists, and calcium channel blockers(CCBs)) 

produced up to 9 mm Hg and 5.5 mm Hg reduction in systolic blood pressure (SBP) and 

diastolic blood pressure (DBP), respectively.
7
  However, evidence remains scarce  on the 

effect of a community-based health system intervention on antihypertensive intensification 

among individuals with hypertension from rural South Asia.  

 

We recently reported findings from COBRA-BPS (Control of BP and Risk Attenuation–

Bangladesh, Pakistan, and Sri Lanka)- a multicomponent intervention (MCI) including 

trained community health workers (CHWs) and physicians tailored to the rural setting in 3 
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countries, and showed a greater reduction in  BP due to MCI relative to usual care.
8
  MCI 

also improved BP control, antihypertensive medication adherence, and some aspects of self-

reported health. 
8
 However, the effect of MCI on antihypertensive medication intensification 

and any variation in the latter due to patient characteristics has not been studied. Moreover, 

the potential contribution of antihypertensive medication intensification to the intervention 

effect on BP reduction has not been quantified.  

 

In this paper, we report findings from post-hoc analysis of COBRA-BPS trial data to examine 

whether MCI compared to usual care led to greater treatment intensification of 

antihypertensive medications. Our secondary aim was to examine if the MCI effect on 

treatment intensification varied with patients’ demographics and clinical characteristics. Our 

working hypothesis was that patients receiving MCI would have a greater therapeutic 

intensification compared with those under usual care. In addition, we also conducted an 

exploratory mediation analysis 
9
 to understand the potential contribution of antihypertensive 

medication intensification to the intervention on BP lowering at 24 months. 

 

METHODS 

Trial design 

The design and methods of this trial were described previously.
8,10

  The trial was a multi-

country, cluster-randomized, controlled trial in 30 rural villages from Bangladesh, Pakistan, 

and Sri Lanka. It was designed to compare MCI with usual care with regards to their effect on 

the levels of BP ( ClinicalTrials.gov: NCT02657746). This paper presents the results of a 
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secondary analysis.  The study protocol was approved by the institutional review boards at all 

participating sites. Written informed consent was obtained from all participants. 

 

Participants 

Briefly, participants were eligible if they were ≥40 years, had hypertension defined as current 

use of antihypertensive medications or persistently elevated BP (SBP ≥140 mm Hg or DBP ≥ 

90 mm Hg) based on each set of the last two of three measurements from 2 separate days. 

Pregnant women and persons with advanced illness, terminal illness, or an inability to travel 

to the clinic were excluded. A total of 2914 participants were eligible, and 2645 were 

enrolled.
8
  

 

Randomization  

The unit of randomization was a cluster of 250 to 300 households served by one or two 

CHWs and one government clinic.
10,11

  A total of 30 clusters were randomly selected from 

designated districts in the three countries (10 per country). Randomization was stratified 

according to country and distance from the government clinic, and clusters were assigned in a 

1:1 ratio to either the MCI (intervention group) or usual care (control group) using a 

computer-generated program. 

 

Intervention 

The details of the intervention components are described in the trial protocol.
10

 The 

intervention included: 

1. BP monitoring and use of a checklist to guide monitoring and referral to physicians 

Government CHWs were trained in measuring BP and monitored participants’ BPs at three-

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpab072/6278852 by U

C
L, London user on 26 M

ay 2021



Acc
ep

ted
 M

an
us

cri
pt

9 

 

 

 

monthly home visits. Based on a checklist, participants with very poorly controlled BP (SBP 

≥160 mm Hg or DBP ≥100 mm Hg) or at high cardiovascular disease (CVD) risk were 

referred to a physician, at the government primary care facility.  

2. Home health education (HHE) by trained government CHWs was delivered to all 

participants and their family members at three monthly home visits.  

3. Training physicians in BP monitoring, management of hypertension, and using a 

checklist.  A treatment algorithm (supplementary Section S1) based on Joint National 

Committee and 2013 European Society of Cardiology guidelines was followed.
12

 Use of low 

cost generic antihypertensive agents was encouraged. The target BP was SBP <140 mm Hg 

and DBP <90 mm Hg.  

4. Designated hypertension triage reception and hypertension care coordinator at the 

government clinics.   

5. Compensation for additional health services and targeted subsidies.  Compensation was 

paid to the CHWs at the discretion of the local District Health Office. The cost of 

medications was borne primarily by the patients in Bangladesh and Pakistan and by publicly 

funded clinics in Sri Lanka, in accordance with the local norms. 

Usual care (Control) comprised of existing services in the community with routine home 

visits by CHWs for maternal and childcare only.  

Baseline Assessment 

The trained research staff masked to randomization status visited all households and invited 

adults aged≥ 40 years to participate. Data on the use of antihypertensives and other 

medications were collected through self-reports and physical inspection of pill bottles, boxes, 

packets, and other materials by trained data collectors for verification. All drug information 

including medication name, indication, dose, and frequency was recorded. Body mass index 
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(BMI) and waist circumference were measured. BP was measured with the individual in a 

sitting position using the standard protocol.
13

 

 

Other baseline data included socio-demographics , economic status, smoking status, chronic 

conditions (self-reported heart disease and stroke, chronic kidney disease, and diabetes), and 

laboratory tests (serum creatinine, fasting blood glucose, lipid profile, urine albumin, and 

urine creatinine). Economic status was evaluated using the International Wealth Index.
14

  The 

baseline 10-year CVD risk was estimated using the Pooled Cohort Equation (PCE).
15

  

 

Outcomes 

Participants were assessed every six months, and data collectors, masked to the group 

assignment, collected information on antihypertensive medications, as in baseline.   

 

In this study, we evaluated the intensification of antihypertensive medications via the 

increase in the therapeutic intensity score (TIS) and the number of antihypertensive 

medications from baseline to 24 months at per participant level. TIS score is summative 

representation of medication dosing and has been reported to have good utility in both 

clinical and research settings.
16 

 TIS for a single antihypertensive medication was calculated 

as the prescribed daily dose of the medication divided by the corresponding maximum Food 

and Drug Administration(FDA)–approved daily dose.
17

 The TIS for each current 

antihypertensive medication was then added to yield a single, summative TIS. For example, if 

an individual used two antihypertensive medications, one at 20% maximum FDA-approved 

dose and the other at 50% maximum dose, then the total TIS would be 0.70 (0.2+0.5). 
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The main outcomes for this analysis were the changes in 1) the TIS for all and each major 

class of antihypertensive medications between baseline and 24 months, and 2) the number of 

antihypertensive medications between baseline and 24 months. The additional outcomes were 

1) the percentage change in TIS of  all and each major class of antihypertensive medications 

calculated as [(TIS at 24 months - TIS at baseline)]×100/TIS at baseline, and 2) the time from 

baseline to the initiation of the increase in the TIS of all antihypertensive medications during 

the follow-up.  

 

Statistical Analysis 

 

Baseline characteristics and addition of new classes of antihypertensive medications at 24 

months were summarized  using mean, standard deviation (SD), and percentages, where 

appropriate. The intention-to-treat approach was used as the primary analysis and was done 

for all participants (n=2645). However, addition of new class antihypertensive drugs was 

reported only among individuals whose TIS of all antihypertensive medications increased at 

24 months.  

 

Generalized linear mixed effect models with identity link and a random effect at the cluster 

level were used to test the effects of the intervention on the absolute and percentage changes 

in the TIS and the change in the number of antihypertensive medications at 24 months from 

baseline. A compound symmetry covariance matrix was selected for the random clustering 

effect. The fixed effects in the model included randomization group (MCI vs. usual care), 

age, gender, country, distance of cluster from the government clinic (far vs. near), and 

baseline measurement of the corresponding outcome. Subgroup analysis was conducted for 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpab072/6278852 by U

C
L, London user on 26 M

ay 2021



Acc
ep

ted
 M

an
us

cri
pt

12 

 

 

 

the intervention effect on change in the TIS of all antihypertensive medications at 24 months. 

We chose the same subgroups as in the analysis of MCI effect on BP reduction.
8
 

 

Intervention effect on the time to the initiation of the increase in the TIS of all 

antihypertensive medications was analyzed using Cox proportional-hazards regression 

models, with age, gender, country, and distance of cluster from the government clinic as 

confounders and clusters as random effects. The PROCESS macro for SAS was used to 

perform the mediation analysis to explore if antihypertensive medications intensification 

mediated BP reduction effect of MCI (supplementary Section S2).
9
  

 

SAS version 9.4 was used to obtain point estimates and standard errors and to test for 

differences between randomization groups. A 2-sided P value of <.05 was considered 

statistically significant. 

 

 

RESULTS 

A total of 2,645 hypertensive individuals were analyzed in the study with a response rate of 

90.8%. The 24-month follow-up ended with retention of 92.1% of the participants in the 

intervention group and 89.3% of those in the control group.
8
 

 

 

Baseline Characteristics 

The mean age (SD) of the participants was 58.8 (11.5) years, and 64.3% (n=1,701) were 

female. About 68.8% (n=1819) were on antihypertensive treatment: 35.0% (n=926) were on 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpab072/6278852 by U

C
L, London user on 26 M

ay 2021



Acc
ep

ted
 M

an
us

cri
pt

13 

 

 

 

renin-angiotensin-aldosterone system (RAAS) blockers; 27.9 % (n=737) on beta blockers; 

23.4 % (n=619) on CCBs; 11.1% (n=294) on thiazide-like diuretics, but 58.2% (n=1,058) had 

not achieved target BP.  The baseline characteristics were generally comparable between the 

intervention and control group (Table1). 

 

Intervention Effect on TIS and the Number of Antihypertensive Medications  

At 24 months, the adjusted mean TIS of all antihypertensive medications increased by 0.11 in 

the intervention group (n=1,224) and by 0.03 in the control group (n=1,174), with a 

difference of change of 0.08 (95% CI (0.03, 0.12); P=0.002; Table 2) at 24 months, which 

equated to a 8.5% between-group percentage increase in the TIS of all antihypertensive 

medications at 24 months (Supplementary Table S1). The net increase in the TIS of all 

antihypertensive medications was consistent by most baseline characteristics, except that a 

more pronounced increase was observed among the individuals with 10-year CVD risk of  

≥20% vs. <20% (p for interaction=0.048) (Figure 1).  

The intervention also resulted in a significantly higher rate of TIS increase in 

antihypertensive medication than the control (319 vs. 250 events per 1,000 person-years; 

hazard ratio, 1.29; 95% CI (1.13, 1.47)) (Supplementary Table S2). 

 

The increase in the number of antihypertensive medications at 24 months was 0.11(95% 

CI(0.02, 0.19)) more in the intervention than in the control group (P=0.016; Table 2). 

Supplementary Tables S3 to S8 summarize the proportion of antihypertensive users in terms 

of classes and generic names of antihypertensive medications at baseline and 24 months.   
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Intervention Effect on TIS of Major Class-Specific Antihypertensive Medications  

The between-group difference in the adjusted mean increase at 24 months in TIS was 0.05 

(95% CI (0.02, 0.07); P<0.001; Table 2) for RAAS blockers and 0.03 (95% CI (0.00, 

0.05),p=0.031,Table 2) for CCBs. Conversely, the between-group differences for beta-

blocker and thiazide diuretics were not significant (Table 2). The results were consistent 

when the percentage change in TIS (Supplementary Table S1) between baseline and 24 

months was analyzed.  

 

Intervention Effect on Addition of New Class of Antihypertensive Medications  

A total of 692 (28.8%) individuals out of total cohort in both groups (n=2398) had their TIS 

of all antihypertensive medications increased at 24 months (Supplementary Table S9).  

 

Mediating Effect of Change in TIS and the Number of Antihypertensive Medications on 

Intervention Effect of MCI on Change in BP at 24 months 

The change in the number of antihypertensive medications between baseline and 24 months 

was the only significant mediator (p=0.007) (Table 3). The mediated effect (a*b) of the 

intervention was to reduce by about 0.8 mmHg SBP through the increase in both the TIS and 

the number of antihypertensive medications, accounting for about 13.3% of the total 

intervention effect on SBP change (Table 3). 
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DISCUSSION 

In this pragmatic cluster-randomized trial of rural hypertensive individuals from Bangladesh, 

Pakistan, and Sri Lanka, we found that COBRA-BPS intervention led to a greater increase in 

the mean TIS of all antihypertensive medications at 24 months, specifically RAAS blockers 

and CCBs. The intervention also produced a greater increase in the number of 

antihypertensive medications at 24 months. Patients randomized to COBRA-BPS 

intervention had their TIS of antihypertensive medication increased significantly earlier than 

those in the control group. Furthermore, our results of the mediation analysis imply that an 

increase in the number of antihypertensive medications had a stronger influence on BP 

lowering than the dose increase. Thus, our findings indicate the remarkable improvement in 

therapeutic inertia due to COBRA-BPS intervention and underscore the importance of 

provider training in the updated pharmacologic management of hypertension as part of CHW-

led MCI for the prevention of cardiovascular and kidney disease in rural LMICs. Such 

concerted efforts are likely to facilitate the Sustainable Development Goal target 3.4 for a 

30% reduction in premature mortality from non-communicable disease (NCD) by 2030.
18

 

 

Previous community-based interventions primarily conducted in urban LMICs also achieved 

greater antihypertensive intensification than the usual care.
19,20

  In a cluster-randomized 

clinical trial of 1,432 low-income patients with uncontrolled BP, the proportion of medication 

intensification defined as titration or addition of new antihypertensives was 13.7% higher in 

the physician-CHW collaboration group than the control group at 18 months.
19

 However, 

those studies did not quantify the magnitude of dose change, nor did they analyse class-

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpab072/6278852 by U

C
L, London user on 26 M

ay 2021



Acc
ep

ted
 M

an
us

cri
pt

16 

 

 

 

specific information, or compare the timing of initiation of the increase in the dose of 

antihypertensive medications. Moreover, antihypertensive medications in most previous 

studies were provided free  as part of the trial thus limiting generalizability and sustainability 

in a real-world setting. 

 

We evaluated treatment intensification based on the TIS, permitting evaluation of expected 

BP effects with differential antihypertensive dosing across medication classes.
16

 We observed 

that increase in the TIS of antihypertensive medication in response to the intervention 

occurred primarily for RAAS blockers and CCBs. It is understandable because both RAAS 

blockers and CCBs were the first-line options recommended according to vascular risk 

profile in the antihypertensive treatment algorithm employed in the COBRA-BPS 

intervention. By contrast, the addition of thiazide diuretics was proposed only when the 

combination of RAAS blockers and CCBs was unable to control BP, and beta-blockers were 

not indicated despite being a possible choice for antihypertensive treatment. We also 

observed that antihypertensive medications were intensified earlier in the intervention group 

than the control.  Others have shown that early initiation of antihypertensive therapy is a key 

determinant of improved cardiovascular outcomes.
21

  

 

Our exploratory mediation analysis underscores the importance of antihypertensive 

medication treatment intensification in a community-based hypertension control program. 

Furthermore, our findings of the increase in the number of antihypertensive medications 

being more effective in reducing BP than increasing the dose indicate that adding an 

antihypertensive agent before dose escalation is likely to be more effective. This is consistent 
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with previous studies. 
22

 Most of our study participants had their TIS increased via the 

addition of a new class of antihypertensive medication. We would also like to emphasize that 

our study was not designed or powered for mediation analysis and could underestimate 

antihypertensive medications' relative contribution to BP lowering. Adoption of a healthy 

lifestyle advocated during HHE by CHW (i.e. weight loss strategies, physical activity, 

smoking cessation, avoiding excessive alcohol, low salt and saturated fat intake, and high 

fruit and vegetable intake) and other factors unaccounted for in our analysis could also 

mediate the benefit of MCI, perhaps even synergistically with antihypertensive medications.  

The relative contribution of antihypertensive medications (13.3%) to systolic BP decline 

observed in our  mediation analysis is consistent with the previously reported relationship of 

change in TIS score with BP change.
16

  However, contribution of medication modification 

was very low in a community-based hypertension program in Argentina. 
23

  Our findings 

highlight the importance of an increase in antihypertensive medications mediating the benefit 

of MCI, which probably reflects the success of training as one of the critical components of 

MCI.  

 

The strength of the current study is its cluster randomized design using a uniform protocol in 

three LMICs, the objective tool of TIS to evaluate treatment intensification, a long follow-up 

duration, a large sample size with a high retention rate (91%), minimization of contamination, 

and good generalizability of the findings to the community settings in other South Asian 

countries. There are several limitations in the study. First, the intervention effect could have 

been underestimated because participants in the control group may have modified their 

behavior in response to blood-pressure measurements performed by researchers to assess 

outcomes. Second, data on antihypertensive daily dose were self-reported. However, efforts 

were made by trained research staff to cross-validate the information from pillboxes and 
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tablet leaflets. Moreover, our findings were consistent when the number of antihypertensive 

medications was analyzed.  Thus, we believe our findings are robust. Third, our exploratory 

mediation analysis did not consider the within-cluster correlation of outcome variables (SBP 

change and the potential mediators). However, our findings are highly suggestive of an 

increase in the number of antihypertensive medications being a significant mediator of the 

effect of MCI on BP lowering.  

 

In conclusion, our CHW-based MCI greatly improved the prescribing behaviors of trained 

physicians in that it not only significantly intensified antihypertensive treatment but also 

advanced treatment intensification among South Asians in rural communities. The treatment 

intensification was mainly attributed to the increase in the TIS of RAAS blockers and CCBs 

at 24 months, and partially explained the beneficial effects of the intervention on BP. Our 

recent study of the same sample has shown better BP control and higher adherence to 

antihypertensive medications in the MCI group than the control group.
8
 Our findings 

underscore the importance of physician-CHW collaborative care as an effective and workable 

approach to treatment inertia translating into better BP control and eventually reducing CVD 

in rural South Asia.  
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Figure 1. Difference in the mean change of therapeutic intensity score (TIS) of all 

antihypertensive medications at 24 months from baseline between intervention and control 

groups in different subgroups. P value was the test of interaction between treatment and each 

variable. 95%CI, 95% confidence interval 
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Table 1 Baseline characteristics of individuals with hypertension from Bangladesh, Pakistan 

and Sri Lanka (n=2,645) 

Characteristics Intervention  

(n=1,330) 

Control  

(n=1,315) 

All 

(n=2,645) 

Cluster, n 15 15 30 

Far/Near clusters 6/9 6/9 12/18 

Age (years), Mean (SD) 58.5 (11.2) 59.0 (11.8) 58.8 (11.5) 

Female, n (%) 877 (65.9) 824 (62.7) 1701 (64.3) 

Formally educated, n (%) 834 (62.7) 725 (55.1) 1559 (58.9) 

High economic status
a
 , n (%) 745 (56.1) 580 (44.2) 1325 (50.21) 

Current smoking, n (%) 138 (10.4) 132 (10.0) 270 (10.2) 

Overweight or obese
b
, n (%) 814 (61.2) 683 (51.9) 1497 (56.6) 

Central obesity 
c
, n (%) 920 (69.4) 811 (62.0) 1731 (65.4) 

Self-reported heart disease, n (%) 177 (13.3) 167 (12.7) 344 (13.0) 

Self-reported Stroke, n (%) 165 (12.4) 159 (12.1) 324 (12.2) 

Diabetes
d
, (%) 374 (28.1) 308 (23.4) 682 (25.8) 

Chronic kidney disease
e
, n (%) 558 (42.0) 549 (41.7) 1107 (41.9) 

Cardiometabolic comorbidities
f
, n (%) 359 (27.9) 319 (25.1) 678 (26.6) 

Systolic BP (mm Hg), Mean (SD) 146.7 (22.4) 144.7 (21.0) 145.7 (21.8) 

Diastolic BP (mm Hg), Mean (SD) 89.1 (14.7) 87.8 (13.8) 88.5 (14.3) 

Uncontrolled BP
g
 , n (%) 934 (70.2) 907 (69.0) 1841 (69.6) 

Antihypertensive use, n (%) 926 (69.6) 893 (67.9) 1819 (68.8) 

Class of antihypertensives, n (%)    

     Beta blockers 342 (25.7) 395 (30.0) 737 (27.9) 

     Calcium channel blockers 330 (24.8) 289 (22.0) 619 (23.4) 

     RAAS blockers 480 (36.1) 446 (33.9) 926 (35.0) 

     Thiazide diuretics 133 (10.0) 161 (12.2) 294 (11.1) 
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High 10-year CVD risk
h 

630 (26.2) 308 (25.2) 322 (27.3) 

Country, n (%)    

    Bangladesh 447 (33.6) 448 (34.1) 895 (33.8) 

    Pakistan 450 (33.8) 444 (33.8) 894 (33.8) 

    Sri Lanka 433 (32.6) 423 (32.2) 856 (32.4) 

Abbreviation: SD, Standard Deviation; BP, blood pressure; RAAS, Renin-angiotensin-

aldosterone system; CVD, cardiovascular disease 

a.  Defined as International Wealth Index score≥ country-specific median 

b. Defined as body mass index ≥23.5 kg/m
2 

C. 
 Defined as ≥90 cm for male and ≥80 cm for female 

d. Defined as fasting plasma glucose ≥126 mg/dl or using anti-diabetes medications or 

previously diagnosed.  

e. Defined as the Chronic Kidney Disease Epidemiology Collaboration estimated glomerular 

filtration rate based on Pakistan data (CKD-EPIPK) <60 ml/min/1.73m
2
 or urine albumin to 

creatinine ratio ≥ 30 mg/g.  

f. Defined as the presence of two or more chronic conditions including stroke, heart disease, 

chronic kidney disease, and diabetes. 

g. Defined as systolic BP>140 mm Hg or diastolic BP>90 mm Hg 

h. Defined as ≥20% of 10-year CVD risk based on Pooled Cohort Equation (PCE) 
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Table 2.  Adjusted 
a
 intervention effect on antihypertensive medication intensification at 24 months  

 Mean (SD) at baseline  Adjusted mean change (95%CI) between 

baseline and 24 months  

 Adjusted mean 

between-group 

difference in change at 

24m since baseline 

(95% CI) 

P 

value 

 Intervention 

(n=1,330) 

Control 

(n=1,315) 

 Intervention 

(n=1,224) 

Control (n=1,174)    

TIS of all antihypertensive 

medications  

0.53 (0.54) 0.52 (0.54)  0.11 (0.07, 0.14) 0.03 (-0.00, 0.06)  0.08 (0.03, 0.12) 0.002 

TIS of beta blockers 0.12 (0.24) 0.14 (0.25)  -0.01 (-0.03, 0.01) 0.00 (-0.01, 0.02)  -0.01 (-0.04, 0.01) 0.33 

TIS of RAAS blockers  0.20 (0.33) 0.20 (0.33)  0.05 (0.04, 0.07) 0.01 (-0.01, 0.03)  0.05 (0.02, 0.07) <0.001 

TIS of calcium channel 

blockers  

0.14 (0.25) 0.12 (0.23)  0.04 (0.03, 0.06) 0.02 (-0.00, 0.03)  0.03 (0.00, 0.05) 0.031 

TIS of thiazide diuretics  0.06 (0.22

） 

0.06 (0.20)  0.02 (0.00, 0.03) 0.00 (-0.01, 0.02)  0.01 (-0.01, 0.03) 0.16 

Number of antihypertensive 

medications 

0.99 (0.87) 1.02 (0.93)  0.15 (0.09, 0.21) 0.04 (-0.02, 0.11)  0.11 (0.02, 0.19) 0.016 

Abbreviation: SD, standard deviation; 95% CI, 95% confidence interval; TIS, therapeutic intensity score; RAAS, Renin-angiotensin-aldosterone 

system 

 

a. Adjusted for age, gender, cluster distance from government clinic, country, baseline TIS, and clustering effect via generalized linear mixed 

effects modelling 
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Table 3 Mediated effects in path models 
a 
predicting change in systolic blood pressure from the intervention  

Mediator (change from baseline to 24 months) Intervention effect 

on mediator Path a 

(SE) 

Mediator effect on change 

in SBP in mm Hg from 

baseline to 24 months 

Path b (SE) 

Mediated effect in mm Hg 

a·b (95%CI) 

Proportion of 

total effect due 

to mediated 

effect (a.b)/c 

Change in TIS of beta blockers -0.00 (0.01) 3.46 (2.22) -0.00 (-0.09, 0.08) 0.0 % 

 

Change in TIS of RAAS blockers 0.04*** (0.01) -3.09 (1.91) -0.12 (-0.34, 0.05) 1.90% 

Change in TIS
 
of calcium channel blockers 0.02 (0.01) -9.32*** (2.17) -0.18 (-0.44, 0.01) 2.85% 

Change in TIS of thiazide diuretics 0.01 (0.01) -4.94* (2.26) -0.07 (-0.22, 0.02) 1.11% 

Change in the number of antihypertensive 

medications 

0.11*** (0.03) -4.24*** (0.91) -0.47* (-0.88, -0.15) 7.46% 

All 5 mediators in the model    13.32 % 

 

* p<0.05, **p<0.01, ***p<0.001 

Abbreviation: SE, standard error; 95% CI, 95% confidence interval; TIS, therapeutic intensity score, RAAS, Renin-angiotensin-aldosterone system   

a 
Covariates for multiple-mediator models were age, gender, distance to government clinic, and country
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